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ABSTRACT

Colletotrichum circinans, an anthracnose pathogen, causes serious damage to onions
worldwide. In this study, specific molecular markers were developed to detect C. circinans
accurately and quickly with both conventional and real-time PCR methods. The cirTef-
F/cirTef-R and cirTu-F/cirTu-R primer sets, which are specific for C. circinans, were constructed
by analyzing tef-1a and B-tubulin genes in the fungus. Using the conventional PCR method,

100 pg and 1 ng of fungal DNA could be detected using the cirTef-F/cirTef-R and cirTu-
'.) F/cirTu-R sets, respectively. Using the real-time PCR method, 10 pg and 100 pg of fungal
%r;%caliégr DNA could be detected more sensitively with the cirTef-F/cirTef-R and cirTu-F/cirTu-R sets,
respectively. Detection of C. circinans from the artificially infected onion seeds was possible
& OPEN ACCESS by using both conventional and real-time PCR methods and the developed cirTef-F/cirTef-R
primer set. The PCR markers specific for C. circinans developed in this study may enhance the
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€ISSN : 2383-5249 efficiency of fungal pathogen detection in imported vegetables and seeds.
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B2 7hs/g0] Qlof Fuie] 2 fd e oj A A& eto] mlshE 7] wlioll FAg A S AAlskaL )l
OF AARERE B ol ERIE A g ot FARR = A E Al 5 5t = Hj x| of| ufjfsto] Anl 3
5oto] FARY RS pHEkslo] wHYSIT) B EAF] WHH O = intenal transcribed spacer (ITS)
regionZ 0 = P7| A &2 5kal 57 sto] wy skl it dn| 73 ke st o= A
A} 3o} srid et o] wet ZARe] =TT J7Fe Wol ok et ARz = ofgfgol lth
ITS region 7] A F 2448 &5 578 239] A7 1A Hlo|el7H 4] S ol w2t & Z<9f 1
TollA &L EHTS region ¥ 7|4 Go] EATHS LA =l o] ket & F7g0l ofefZo] ekttt 12
Dz 2 Atola= Xete] F3F A7 go] Zpo7} ot F 570l ARE-E]= housekeeping gene?]
translation elongation factor 1-o. (tef2 1) -~ AH} B-tubulin -3 AF 7| A4 G- H| 1 A 5}0] Ebx{H 2]
AR C. circinans®] 50| Z4& P E 7k ghol] e}, 18] 2L AHFPCR R} real-time PCR
= AgSH] AE =S SAsHL A dolu e A w7gol| 4-8sto] whe HES 215l

=
A AR 2z ol Al Estal HehsiA| A& 7Rs R PCR A3 2 7ol )l

2 Aol ARE-H Colletotrichum <5 w552 =85 U213 1|48 &-2-3 (Korean Agricultural Culture
Collection, KACC)J| A H] 1 2415} Colletotrichum 12 = 20 strain2- -4 B0 1 KACCOoj|A] B2
9l Centraalbureau voor Schimmelcultures-Royal Netherlands Academy of Arts and Sciences Collections
(CBSKNAW)?| C. circinans 2 7]l w55 2 't Th(Table 1). 712|311 522 Hom 2120 FHHO A
Alsh= B0 2 5514 5= Altemnaria sp., Aspergillus sp., Cladosporium sp., Fusarium sp.,
Penicillium sp., Trichoderma sp. 6555 ARESIRAT} BE w5 potato dextrose agar (PDA; Difco,
Detroit, I, USA) B} A]0]| 25°C- 2 =710 2 1014 2 552k Q2 70l4] whegaic:

C. circinans £0| 4= PCR O}7{ EfM 8l K| =t

Genomic DNA= 752 PDA HljZ|o]] 25°Col|A] 10 Y7+ k=70l A] vlj 9k} & DNeasy Plant mini kit
(Qiagen, Germantown, MD, USA)E AF-8-5}0] 22Z35191TH6, 7]. TEF728 (S-CAT CGA GAA GTT CGA
GAA G-3)2} TEF1 primer (5-GCC ATC CTT GGA GAG ATA CCA GC-3)& AMg-510] PCRS E3)
tef-lo RS ZZE51911[8.9], T10 (5-ACG ATA GGT TCA CCT CCA GAC-3)7} BT12 (5-GTT
GTC AAT GCA GAA GGT CTC-3)2 AF2-510] B-tubulin- -4 AFS Z2Z519]TH10, 111, 2Z%E PCR A
52 NAVIGen PCR Purification Kit (NAVIBIOTECH, Cheonan, KoreayE- A-8-5104 % A|5}F2L Macrogen
(Seoul, Korea)l] 2]2J5t0] 7|4 D2 A5 A1 67141 E-2 GenBank DNA database (hitp://
www.ncbinlm.nih.gov/genbank)oll ] -5-22}F 7] 4 & 2151t} Clustal Omega 218 (ttps:/
www.ebi.ac.uk/Tools/msa/clustalo/y & AFES}0] A5 47| M AS U dstal -fAMS & Bl ul EA495191
t}. & 7k zpo)7} Yehhs A71M Y H2-2 HIRC = C circinans §0] AE WS 472} tef-la 2}
B-tubulin -F-A 2}l A T 2}RIGHI T

PCR Ot9| C. circinans £0|d 4™
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A primer set5-2] S01/d 7472 Table 19]] Y= 2E Colletotrichunrs-5-2] strain} 52} FEH| &
A&t 7Hs-AJo] 2 BAYF9 Alternariasp., Aspergillus sp., Cladosporium sp., Fusarium sp., Penicillium sp.,
Trichodermasp. 6 7 12| £:2] Zltof] ts A = 33 91tk PCR 2732 cirTef FleirTef-R setS AHE-519
£, initial denaturation 95°COl| A 3 &, denaturation 95°COll 4] 30 2, annealing 58°Coll A1 30 Z, extension
72°CollA] 30 2 A= 25 3] HHe 8ekal ni|Rro 2 72°CollA 5 7 REgslo] SEsiglom,
cirTuF/eirTu-R setS AHEE thofli= annealing & 50°C2 5191t ¥hgo] B PCR AHE2 15%
agarose gel = 100V, 25 2 &< 1471955101 DNA band®} 1 size S 2HIs3{T

4t PCR 21t real-time PCR W E 0|2t C. circinans A& 4 24

AZHE k9] . circinans A% ZHE S BAISFIA} C. circinans DNAS 10 ng/ul %2 2 425111 10
B4 &A1 2| 0 2 5149510 10ng, 1 ng, 100 pg, 10pg, 1 pg, 100 fg, 10 fg, 1 fo2] DNA =2 PCR HF-S-
o] =3 DNAE AM25}ic} Quk PCR ¥ © 2= EmeraldAmp GT PCR Master Mix (Takara Bio,
Kusatsu, Japan)°] THA|Z] 0 2 5]AJ5 DNAS 5§ 02 | 50 uLZ cirTef-F/eirTef-R set@} cirTu-F/
cirTu-R setS HA] A&7 PCR 2710 = Z12F 4335191t} HEg-0] i PCR 4HE-2- 1.5% agarose gel
2100V,25 2 59+ 7] 5510] DNA band®} 1 sizeS 215} ch

Real-time PCR 42412 THA| 2] © & B A5 DNAS 2% O 2 24| 5.1 25 uL=Z SYBR Premix Extaq
(Takara Bio)ol| 217} 3715104 PCR 13242 RHE- Q1 T} 12], Real-time PCR ¥H-g- 2.71-2-95°Coll A 30 2
HES- % 95°CollA] 5 22} cirTef-FloirTefR seti= 58°COl| A1 30 Z, cirTu-F/eirTu-R seti= 50°Col| A 30 25

Table 1. Colletotrichum strains used in this study.

No.  Fungal strains Culture collection no. Host plant
1 Colletotrichum acutatum KACC 40805 Tomato

2 Colletotrichum acutatum KACC43124 Red pepper
3 Colletotrichum acutatum KACC 44886 Red pepper
4 Colletotrichum acutatum KACC 44887 Grape

5 Colletotrichum boninense KACC 40893 Cactus

6 Colletotrichum capsici KACC 46159 Lima Bean
7 Colletotrichum caudatum KACC41028 Grass

8 Colletotrichum circinans CBS 125331 Angelica

9 Colletotrichum circinans CBS 221.81 Onion

10 Colletotrichum coccodes KACC 40227 Egg plant

11 Colletotrichum coccodes KACC 40802 Tomato

12 Colletotrichum dematium KACC 40013 Red pepper
13 Colletotrichum gloeosporioides KACC 40003 Red pepper
14 Colletotrichum gloeosporioides KACC 40448 Apple

15 Colletotrichum gloeosporioides KACC 40690 Red pepper
16 Colletotrichum gloeosporioides KACC 40892 Cactus

17 Colletotrichum higginsianum KACC 40807 Chinese cabbage
18 Colletotrichum liliacearum KACC 40981 Lily

19 Colletotrichum lindemuthianum KACC 42433 Japan clover
20 Colletotrichum musae KACC 40947 Banana

21 Colletotrichum orbiculare KACC 40808 Sweet melon
22 Colletotrichum orbiculare KACC 40903 Watermelon

KACC, Korean Agricultural Culture Collection; CBS, Centraalbureau voor Schimmelcultures.

The Korean Journal of Mycology Vol.46, No. 4, 2018 469



Jun Young Kim

35 5] HHE-5191 © ™ Takara Thermal Cycler Dice Real Time System TPS00-2 AF-8-510] 3 5 HEE-510] A
2 42951310 TakiaRa DiceRealTime Single £ E 9o} 28510} EAJ3191ck

fol

tot

C. circinansOl| ZG =l 2t SXI0j[AMQ] HE

A Fol 2 &st7] 2isto] Yut FAE L2 C. circinansS: A A A S XYsITh &
[e]

d

3
o} FAte] ERoll= &5A7F 2HE o] 97l Vit S/RAE ARSI THH ~5A1E
Ao a1 025% Aot YArhtEF O 2 B At & Bt SRAZ Holgl= Aot ES
23] Jj5}0] A|A51TH13] PDA BIA|o]| C. circinansE: 14 27+ 25°CollA] 2710 2 Z1ule 5}
AT} PD brothol] FF Aot fat $21 100 7Het 23t C. circinans A H 23 10 7HE- 27
3 AR ZIFHH25°C, 200 mpm) B 7, 4 AT ul ) SIRATE oA wl TSRS U0} Sqto =
Aol 4 SAE Asto] Agol A8 %1 DNeasy Plant mini kit S AHg-51of Al

= 2 S DNA FE35H1 0L 9hA -8Rt AR PCR R 7 real-time PCR ' S &3 HE
9

C. circinans £0| Z4Z 07 7Kgt

Clustal Omega =2 1513 A}-§-510] 2413k tef- 1o 2} B-tubulin -4} &1 714 B Z- alignmentS o] -F-AF
A8 vttt Colletotrichum®: 7+ Q7|4 o] wo| 2jo]7} U= BE.S Zhol fef: [ -3 R}ol| A]
cit Tef FeirTefR setZ TJAFQ15HA 21 B-tubulin -2l A cirTuF/eirTu-R setS TIAFQISHACH A| 21
Eo| A% nA & cirTef-F/cir Tef R set=253 bp, cirTef-F/cirTef-R set=115 bpS ZZ3} 4= Q1A TIA}Q]
519ichFig. 1,2, Table 2),

C. circinans Z4Z 01729| E0|M AHH

A|2HE C, circinans 7% U1]Q) cirTef-F/cirTefR set@} cirTu-FeirTu-R setS ZH2+ AF8-510d C, circinans2
7 #5525 Colletotrichum 13 55, 22 strain} F A0 2 Z2S= Altemariasp., Aspergillussp.,
Cladosporium sp., Fusarium sp., Penicillium sp., Trichodermasp. 6 7| < 2142 DNAS 59 © 2 PCRS
85191t 71 A3} C circinans DNAOH ATk cirTef-F/eir Tef.R setS AF8-511-S 7-2-253 bpsize©] band
@}cirTu-F/eirTu-R setZE AR5 2 74-2-0ll+= 115 bpsize2] band = 2FQ15} 11 ThE Z-9] Colletotrichum
FollM = band7F Q1= 2] 234 TH(Fig. 3,4). C. circinans DNA2} 6 71 £:0] F8+10] DNAZ} 410 Q12
7390l = Z2Zo| Z | A|9E 6 7] £ 7-2] DNARHA0] 918 700l = ZZ 5 %] okgt} o] Ax}

L B o tof| A AR cirTef.F/eirTef.R set@} cirTu-F/eirTu-R set S T C, circinansE £0] 2 0 2 74 &3+

Table 2. Primers designed in this study

Fungal species Target gene Primers Sequences (5°-3) Size (bp)
Colletotrichum circinans tef-la cirTef-F TTATAACCATGGACATCATTCTGACCATC 253
cirTef-R AAGATTTGAGTTAGTCACGTGAAAATCCA
B-tubulin cirTu-F CGTAAGTCTATCTCCTGATCCCG 115

cirTu-R CCGTCATGTCGACGTCTGAA

tef-1a, translation elongation 1-o.
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ke g HolEd:

PCR g1} real-time PCR BHtHo| ZAZE 2t Tot

>
s
o

ne
re

C. ciminansDNA 10ng, 1 ng, 100pg, 10pg, 1 pg, 100 fg, 10fg, 1 fg2] 5= 2 UHFAQl PCRS 4345+ A
I} cirTef-F/cirTef:R set@} cirTu-F/eirTu-R set®] 732 7He = 7FH 100 pg 2+ 1 ng © & 29l |9l rhFig 5).
Real-time PCR {5 © 2= Threshold cycle (Ct) 242 712 -5 U oHA| Lreb gt o ¥hAHES HUET
SF A1} cirTef-F/eirTefR set= 10 pg 5~%7}A], cirTu-F/cirTu-R set+= 100 pg 4~527}4] 30 3] o] Wjof] peak
2 315}t (Fig. 6). AFEE B2 2410] PCR efficiency = cirTef-F/cirTef-R set@}cirTu-F/eir Tu-R set 2

QSO 43 ACMCATGCTTGOCOOCACCACCAACACT TCTTGGTACAAGICTOOGA GANGGAGOGLA 0.
E183 ~CAACATGCTTGOCODCACCACCAACSCT TCTTGGTACAAGECT G55 GANGRAGBECA 8.
125391 —— — 2.
S S— b S—
41028 -16- —AC ~ATOBAGECATRORACTG———— 21.
481 16— ———0C—————————ATORMGM-CTORMCT———— .
40807 A e A e e A TOGMGTC - TTOG-AC— 19.
2433 -1C —AC ATOBAGETC-CTOB-AC——— 19.
AT Qe e A e e CATCT QA CCTCT ACT — - 21.
400w -C A6 TAGCTAADGTTCATCTT————— 2.
46150 W]~ ] ————————TACCAMACTTECTA———— 21.
40006 A e [ e - GTAACTAAT TTGAA OB — 2.
40m el e e OOBGTCCM CAATAGEA — ——— 21.
40808 <TG e (] - GACT GTOOCCAATAGEA — ——— 2.
GISOB.A3  AGBSTGRCAAGSTCACDSGCANGA COCTCCTCRAGEOCA TTGACTOCAT CRAGCO000CA 120
£183 AT GRCAAGGT CACDBGCANGA COCTCCTORAGR0CA TTGACTOCAT CSAGCOO0CCA 19
125391 S —— CAGGCA B
21.81 _———— CAGCA B.
41028 ——ACATAT CCACACAGSCA B
481 ——AACAAT ACACACAGSCA ar.
40807 e | GAGTOCAT A CAGECA .
24 TGACTCCATAACAGECA ®.
NG e NACAACAAMACAGGGCA B
4000 ——AGOOBDOSAGT TGGECA B
6150 e ATAMATTCTACAGGGCA B
A0BC5 ——AGOOGCTGAGT TG5TA R
a0m e e e A GOOBC TGAGC TOGGT A B.
4B ——AGOOBDOSAMCTOBECA B.
GISOB.A3  —GTCAAGGACAT TOSCCGTGRCAAST OBODSGTGACTCCAAGMOBACDDLOCTGIC ao
£183 —GTCAMGGACAT TOB0CETGECAOGT OBD0GGTGACTOCAMGMOSACOOCOCTEOC 403
125301 —Imammm_mmwc %3
z1.8 ~——TGCTANGCATGTTCA AGACGCTOOC 3
41028 OCCT CATCT CATGAGTCAA TTTCATCAAT GACDL TTOBCTAACCCAACCCAGACGCTODC 9
40981 OGAATTTTCATTAAGOSGGGT TOCATGTCCTTCATATACTAACT CATCT CAGACGOO0CC %4
40807 A———CTTCATGAGTATTACT CACACAATGT CATGCTAACT CATCT CAGACGO00DC %56
243 A———GTTCATGAGTCTTACT CATCCGATGT CATGCTAACT CATTT CAGACGCTOOC 56
48T AGACTGOBSTCTTCGTGECATTCACATGGAMEA TGCACTAACCCTCAT CAGACGCTODC 3
400 e T CTCBGGCACAMMAT TCTGA TACAGAT TACTAACA TATTCCAGACGCTOOC 9
615 ——-TGTGTEOGT GAMMATTTT COGTGTGACAAGCACTAACAMCACCAGACBLTCOC %9
A0E ——AGOGATCAMAACAAT TTTTTORAT TTTTGCTGACOBAT T TACCACAGACBCTODC 232
400w CACATGTCTCACCACTAACAATCAA CAGACBO00CC 27
40808 GICATGTTGACTAMCOGACAATTCACAGACRCTODC z5

. .,

Fig. 1. Sequence alignment of translation elongation 1-a genes of Colletotrichum spp. used in this study. Green and sky-blue
boxed sequences indicate respectively the position of the designed primer cirTef-F and cirTef-R. GJS08 43: C. theobromicola,
E183: C. ignotum, 125331: C. circinans, 112.81: C. circinans, 41028: C. caudatum, 40807: C. higginsianum, 42433: C.
lindemuthianum, 40893: C. boninense, 40009: C. coccodes, 46159: C. capsici, 40805: C. acutatum, 40003: C. gloeosporioides,

40808: C. orbiculare.
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221.81
125331
40981
40010
346.37
40903
40013
221.81
126331
40981
40010
346.37

40903

40013

OO TR TOBTRATEE08 A 0o AA TORCC TECGTECEEEECTRACTTCTCCAAAC
COTAASTCTATCTOCTRATEERBACCCAATOGCC TRCRTRCGGGECTGACTTCTCCAAAC

CETAAGTCTTTOC-TGATGCCAACCCAAMCGANCCOGAGTGCGGGGCTAACTGCTTTGAAT
CETAAGTCTTOOG-GATCCCAACTCCAACBAMCCOGAGTGCGEGGCTAACTTGTTCGAAT
CGTAAGTCTTOCG-GATCCCAACTCCAAMCGAACCOGAGTGCGGGGCTAACTTGTTCGAAT
CETAAGTATCTCCTGATCTCAACCCA-ACAACCCAGAGTGCGGGGCTAACTTCTTTGAAC
CGTAAGTCTCTCCTGATCTCGACCCAACGACCAGAGAGTGCGGGGCTAACTTGTGTGATC
CGTAAGTCTCTCTCCCAGTACCCAACCOGACGECTTGEATGCGGGGCTAACTGCTTGAAC
CGTAAGTCTCTCTCOCAGTACCCAACCOGACGECT TGGATGCGGGGCTAACTGCTTGAAC
—CGTAAGTATCTTCCOGTA TCAACTCBACGACCGEAAT TGCGGGGCTAACTCCTTGAAT

CGTAAGTAGATTTCCATCTCAACCCGACG -AGCTAGATGCGGGGCTAACTTGTTGAAC

* R - -

AGGGTAAMCCAGATTGETGCT GCCTTCTGRTGTGTATICAGACGICGACATGACGGCGACA
AGGGTAACCAGAT TEETECTGLCTTCTEETGTGTATICAGACGICGACATGACGRCGACA
AGGGTAACCAGATTGETGCTGCCTTTTGGTGOGTAGCCAACCCGACGTCAAAGACTCGGC
AGGGTAACCAGATTEETECTBCCTTTTERTGTETAACCAGACAGACGCCAACGACGCGGC
AGGGTAACCAGATTEETGCTGCCTTTTEETGTETAACCAGACAGACGCCAACGALGCGGC
AGGETAACCAGATTGETGCT GCCTTCTERTGORTAGCCAACCGCCAACGACGCGGCGATT
AGBETAACCAAATTEETECTBCCTTCTERTEOGTAACCAGACGCCGACGACGCGGLGATA
AGGGTAACCAGATTEETECTGLCT TCTEETEOGTAGATAGACGTCGECGACGLGE—C
AGGETAACCAGATTGETGCTGCCTTCTERTGOGTAGATAGACGTCGGCGACGCGG—C
AGGETAACCAGATTEETECTGCCTTCTERTEOGTAACCAGAT TGCCGACGACCCGRLGAT

AGGGTAACCAGATTGETGCTGCCTTCTEETGORTATCCCGAACGCCGAAGACTCGGTTAT

AAAAAANAANAN AANARNARRRRRRREAN KA AN AAx

L8 BBBEEEEBE

120-
118
119
118
19
120-
116
116
18
17

Fig. 2. Sequence alignment of B-tubulin genes of Colletotrichum spp. used in this study. Green and sky-blue boxed sequences
indicate respectively the position of the designed primer cirTu-F and cirTu-R. 112.81: C. circinans, 125331: C. circinans, 40981:
C. liliacearum, 40009: C. coccodes, 40010: C. coccodes, 40805: C. acutatum, 346.37: C. fiucti, 40808: C. orbiculare, 40903: C.
orbiculare, 40893: C. boninense, 40013: C. dematium.

2 3 4 5 6 7 8 9 10 11 12

M 13 14 15 16 17 18 19 20 21 22 23 24

253 bp

Fig. 3. Specificity test of the primer cirTef-F/cirTef-R set against diverse fungal DNAs. M, 1 kb DNA ladder; 1, Colletotrichum
circinans CBS 125331; 2, C. circinans CBS 221.81; 3-6, C. acutatum KACC 40805, 43124, 44886, 44887; 7, C. boninense
KACC 40893; 8, C. capsica KACC 46159; 9, C. caudatum KACC 41028; 10, 11, C. coccodes KACC 40227, 40808; 12, C.
dematium KACC 40013; 13-16, C. gloeosporioides KACC 40003, 40448, 40690, 40892; 17, C. higginsianum KACC 40807;
18, C. liliacearum KACC 40947; 19, C. lindemuthianum KACC 42433; 20, C. musae KACC 40947; 21, C. orbiculare KACC
40808; 22, C. orbiculare KACC 40903; 23, DNA mixture of C. circinans CBS 221.81 and common six molds (Alternaria sp.,

Aspergillus sp., Cladosporium sp., Fusarium sp., Penicillium sp., Trichoderma sp.); 24, DNA mixture of common six molds.
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M11 2 3 4 5 6 7 8 9 10 11 12 M2

115 bp

M1 13 14 15 16 17 18 19 20 21 22 23 24 M2

115 bp

Fig. 4. Specificity test of the primer cirTu-F/cirTu-R set against DNAs of common six molds. M1, 1 kb DNA ladder; 1,
Colletotrichum circinans CBS 125331; 2, C. circinans CBS 221.81; 3-6, C. acutatum KACC 40805, 43124, 44886, 44887, 7, C.
boninense KACC 40893; 8, C. capsica KACC 46159; 9, C. caudatum KACC 41028; 10, 11, C. coccodes KACC 40227, 40808;
12, C. dematium KACC 40013; 13-16, C. gloeosporioides KACC 40003, 40448, 40690, 40892; 17, C. higginsianum KACC
40807; 18, C. liliacearum KACC 40947; 19, C. lindemuthianum KACC 42433; 20, C. musae KACC 40947; 21, C. orbiculare
KACC 40808; 22, C. orbiculare KACC 40903; 23, DNA mixture of C. circinans CBS 221.81 and common six molds (Alternaria

sp., Aspergillus sp., Cladosporium sp., Fusarium sp., Penicillium sp., Trichoderma sp.); 24, DNA mixture of common six molds;
M2, 100 bp DNA ladder.

[N
N

M

115 bp
—

Fig. 5. Conventional PCR amplification of different amounts of Colletotrichum cirninans DNA with the primers cirTef-F/

cirTef-R (A) and cirTu-F/cirTu-R (B). M, 1 kb ladder marker; 1, 10 ng; 2, 1 ng; 3, 100 pg; 4, 10 pg; 5, 1 pg; 6, 100 fg; 7, 10 fg; 8,
1fg.
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ZF104.4%2} 103.8%, 7127 ]=-3.2217}-3.2350] 1L AFTHAIS R 22 09987} 0.9992 4>8 5} real-time

PCR e AZ 27 e 57902 Uil
C. circinansOfl ZEE SXIoM HE =l

C. circinans©l) ZYQE Ju} ZALS A 5}o] DNAS 556101 YRt PCRY real-time PCR HHH O 2

C.cirvinans 7120 7}5:3k4] 2191519} 742 BIZHE7} B S9kel cirTefFeirTef R setS AR5 11
(]

7Fs5H9] ChFig. 7). 712) 2 real-time PCR 3 ol| A &= 9]2] A3}oi] Z-o] melting peak”} LR} 525}
A ZZ5= 718 21151 thFig. 8). 0|23t k= A2t cirTefFeirTefR set7F €8 PCR B}
real-time PCR ¥%] = 71| 25 C, circinans? ZHGE ZA10| A C circinansZ: &3 4 Qthe 21
Hojzr)

2|2 A& A5 53l Colletotrichumés-2- =55+ complex & 7Hd-2 Sl i 14]. & 9 7H9]
complexS 445} QO™ C. dematium, C, lineola, C. fircti, C. anthrisci, C. spinaciae, C, circinans= C,
dematium complex group©]] <5131 It} B ALo= C dematiumZ 7t E3}o] Foj)3 UmA] 5
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Fig. 6. Real-time PCR amplification of Colletotrichum circinans DNA with the primers cirTef-F/cirTef-R (A) and cirTu-F/cirTu-R (B). a,
Amplification plot; b, Melting peak analysis; ¢, Standard curve. Sample 1, 10 ng; Sample 2, 1 ng; Sample 3, 100 pg; Sample 4, 10 pg.
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Fig. 7. Detection of Colletotrichum circinans by conventional PCR using the primer set cirTef-F/cirTef-R in DNA from infected seeds. M, 1 kb
ladder marker; 1, Infected onion seed; 2, Control onion seed.
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Fig. 8. Detection of Colletotrichum circinans by real-time PCR using the primer set cirTef-F/cirTef-R in DNA from infected onion seeds. A,
Amplification plot; B, Melting peak analysis; C, Gel electrophoresis; M, 1 kb ladder marker.
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